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RH Cisthe warl d s unque pd aized pp-cd li der

After along edrenel y chdlengngtechn cd devd opnen

process RH Cispasedtoprovide answerstosone of the nog
| nportat questionsin hadron strudure

Thefird largedaasaswil be obta ned i nthe 2005 2007 ti ne
frane 500 BV daaadds ged vdue

The questi ons have dtradt ed worl dw de atation, bu oy
RH C can amswer them (thereis no conparald e
progama LHC a any aha fagality --- if the warkis na
donea R G theqguesionswll na: be answered)
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Why sudy QCD? 5™

® Perfed
® No parangtes (for “light quarks”)

® Al ineations fromsymmetries
® War mupfor thenot her o dl theories

® Al QCD phenonena are aver gert

® Mass(!), hadrons, chird symmetry lreaking constituert cquarks, vedor
domnance..

® Exactly what we undersandlesst i nfundamenta physics

® Far fromundesood --- unsd ved puzzl es & haurting
regul aities
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Wha'sthepant? 222"
To olda nan and yti ¢, phenonend og cd,

powerfu, undersganding of QCDInthe confinng
donal n

Li nkstodher cae NP ol edives

HADRON THERMAL QCD
 PECTROSCORY HEAvVY loNS

L"';l I T
QCD THEORY
THEOR NUCLEAR

STRUCTURE
T
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No “wavefunalon’ fa the nud eon

No Schroed nger equaion for ti e eval ui on

No peatubalve expand on fa hadrons
Asynmt oti c freedom & shat d g ances
Conmyd @ecortrd fromrenarnal i zeti on group

Suppresson o congd exitythrough thetw st expans on

" QIGev] _
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Everyt h ngwe know about the nud eon beyond s&ic
nonents cones from deep | nd astic rocesses

Quark d 4ri buions

Antiquark d gri buions

d uon d &ri bution

3| MRSTQEDO4
Y F proton pdfs

Ay
= 2 ael
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Fundanentd quartitaivetetsof QCD
. Baryon nunmber (G-- LS sumrue
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. B akensumrue
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A Hday d Surpises

HADRON LATTICE
' QCD THEORY

e Halfthe praon snmomen um .
Iscaried by d uons

e Quarksinnuda ae
patidly deconfi ned
(BVIC dfect)

)

« And O couse the
prdon sa npuzae
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| Pd ari zed deep | nd astic d edron scateri ng

L T
018 - Ellis-Jalfe Sum Rule
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Sp nsurprise

Only asnall fradion
of the praon’ sspn
Iscaried by the spin
of the quarks

LATTICE
QCD THEORY

........ S - ——— 14 1 9 1 21%

FORM FACTORS
AND TRANSITIONS
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Par9 ng the nucl eon spin

b | =

1
— / dx [;AE(:}:j Q%) + Ag(z, Q)

J ()

+ Lo(2,QY) + La(z, Q)]
QGueby edlttion —

=

>
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G uon sp ninthe nud eon-- awor|ddass rod em

e |ntid response--- use exidingdedron accd eaastostudy
g uon d gribuion by ppaond uonfusion--- isddedviajas
o heavy quar ks.

¥ g — qq— Jet jet
’ygﬁ-CC

e |rtringcaly hghe arder because g uon must transfe its sgn
to ggpar beforeMvrtud phaon canirnterad

e Compromsedbylowenagy (HERMES, san
dluion (COMPASS), and by scalesenstivity
duetolow Q?
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G uon sp ninthe nud eon-- awor|ddass rod em

A conjundion o good fatune --
o A pd aizablecdlider

. Srong accel ea o physics goup
. DOE and R KEN support

Major Japanese Physics & Financial Support

3 RIKEN BNL Research Center

Pd aizedpp- cdlider -- Juons ete & |ead ng or der

gq — g7 observed as v 4+ jet

g9 — gg or qq

0 -
40 — gq observed as T + jet
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Rena ssance i n QCD sp nphys cs 1988 -- 2005
RHI(j &g noddling rdaiontoano Larrice uzory  NCHOVEAK

QCD THEORY /1 BUILDING

* * * . ¢ TRANSITIONS
L -- abitd angula nonertum

and DVCS
RHIC Tr ansvagty T t m fl rﬂ I %d ng ) _L:-\'l"l'l:.'"l-:
X% twg quark d gri bution S

RHIG H avar deconmpositi on of the quark Tgon
**  andatiquaksin A, Ad, ... e

RHIC Absence of d uon transversity
* % %

RHIC _”g e Sfin ssymmetres—
%+ SAnmomertum corrd aionsinthe

nud eon
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Exanpl el: Guon spn ddribuiona RH C
n® production & s =200 GV & FHEN X

AAC 1-c limit

—— GRSV limit

HERMES di-hadron
SMC di-hadron

COMPASS di-hadron
COMPASS di-hadren projection

RHIC rprojection 65 pb '

200 GEV
Sengtivity

Anal yz ng power
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Exanpl el conti nued
i

Jet production & vs =500 G2V a& STAR

AAC 1-o limit

GRSV limit

HERMES di-hadron
SMC di-hadron
* COMPASS di-hadron

COMPASS di-hadron projection
RHIC Jet projectn. at Ns=500 GeV

500 GEV
LONGER TERM
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Exanpl el conti nued

Sndephaon produdiond FHEN X far
\s =200 and 500 GeV

fﬁ()(} GEV
— ; LONGER TERM
‘l; g : ﬁ
' ~_
ALL A LL

S5=200GeV +3 = 500 GeV

L = 309 / pb

F=07

\S =200 GV =65 pal \S =500/ GV, [=309pht
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Exanpl ell: Absence of g uontransversity

. Rel aivd y essy, novd test d QCD

 Transvasity ocorrespondsto hdiaty flip whchis
faladden fa g uons by assence d hdicdty zero node -
-- aconseguence of gauge i nvarl ance

Sofor any hard
process duch asjd or

9 nd e gamna
Producti on

200 GEV

NEAR TERM :
R L Jdfe NSACsubconmrmuee April 4 Ag Ir ansversty

YN



Omitted for | ack of tine

« Havor separdion of quark pol alzai ons uang chird
dructuredf W production

 Quarktransveraty neasurenertsthrough Gdlins
effect and t wo @ on asy netries

« 3ndespnasymnetries R ndlynaking progress on
ddprodem Largeasynmetries have dready been
obsaved a RH Ca enag eswhere pertubatl ve QCD
can be applied

¢ 7’ mesons
¢ Total energy

— Collins
- Sivers

" —— Initial state twist-3
- — Final state twist-3

=
+
|

Two patid e corrddions
offer possiality tounrave
QCD spg i nonenmtum

cardaisinintid and
find sae(Glins & Svers)

-o.zL ‘ 1 ]
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Cond usl ons

Hard QCD spnphyscs pograma RH Cliesathe
coed thepeasongudesin QCD

Srong ylinkedtoseverd aspeds d maiond nud ear
phys ¢S [rogram

Li kdytoprovde answerstofanous, | ong sand ng
guestions (d uon sgn) andtofrane newquesti ons
(9 ngl etransverse spi N asy mmetri es)

Rogramisjust now ready tofl ower

| nportart resuts wll come in oy afewyeas dof
runnng & 200 GeV

Hety noretocone & 500 G2V (na to nertion
eRH O

R L Jdfe NSACsubcommttee April 4

YN



